Introduction
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Dissolved manganese (Mn) 
55
The coagulant ferric sulphate is added to screened water just before the raw water enters the 56 clarifiers to encourage flocculation of suspended colloids. The resulting waste flocs are removed 57 as a sludge and the wastewaters generated are recirculated to the head of the works for further 58 Mn removal. The sludge is then taken from the site as a waste by-product. The water is also pH 59 adjusted using lime to raise the pH, causing precipitation of dissolved Mn from the water as solid 60 Mn oxides. This pH correction also takes place later in the process, before the water passes 61 through the rapid gravity filters (RGFs) to maintain pH at 9.2 within the RGFs. Here dissolved 62 Mn is adsorbed onto the RGF filter media and particulate material is filtered out of suspension. 63 The RGFs are cleared, using a treated water backwash and air scouring to remove particulate 
Principal Water Treatment Stream
126
Raw water (pH 7.4) enters the plant and is collected from the upstream Derwent reservoir and 127 surrounding peaty uplands (see Table 1 Table S1 in Supplementary Material). • 120 µL Buffer solution Following initiation of the scan at 2 s, a brief base-absorbance value was taken with the T-(4-220 CP)P solution. After 10 s the scan was paused, 300 µL of the filtered sample (or standard) was 221 added to the cuvette, mixed using a pipette, and the scan restarted (within a target timeframe of 6 222 s). The scan was then allowed to run for up to 900 s, although it was generally stopped once the 
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The mean k-values (and ranges) determined for each location are presented in Table 2 Table 1 shows the variation in chemistry of pH, TOC, turbidity, dissolved Fe, dissolved Mn, 295 alkalinity and hardness for the influent raw water as well as temperature and rainfall. There were 296 no discernible trends between any of these parameters.
297 Figure 3 shows the raw influent water to the WTW contains two size fractions of particles, one 298 which is 300-500 nm in size and one which is 50 nm in size. These have been identified using surfaces (see Figure 4) . Manganese is not detected and since it is present at 1/5 th the 302 concentration of the Fe (see Table 1 ) it is likely to be below the detection rate for TEM/EDS. suggest that a similar mechanism is contolling precipitation in each case. 
Mn flux and speciation throughout the WTW
318
It was possible to positively identify Mn(III) at all stages of the WTW (see Table 2 ). Full Table 2 for the ferric sulphate and WTR were determined 322 from product specification data and historic plant data provided by the water company NWG
323
Ltd.
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The method allows the separation of the final dissolved Mn concentration into separate M A N U S C R I P T Mn being removed in the clarifiers and RGFs (see Table 2 ).
A C C E P T E D ACCEPTED MANUSCRIPT
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In the waste stream there are notably higher Mn concentrations, with the thickened and mixed 333 sludge having mean concentrations 160× greater than those found in the raw water entering the 334 plant ( Table 2) .
335
Besides the raw water input to the system (see Figure 5a ), there are several stages which act to sulphate addition can be seen in Table 2 . (also identified in Figure 4 ). In addition to the Mn(III) present in the influent raw water Mn(III) 352 was found in all of the seven stages of the WTW (see Table 2 ). The addition of lime through the (Table 2) . of the raw water inflow to the plant (6.7 µg/L -see Table 2 ). UK Meteorological Office weather data (rainfall and temperature) (see Table 1 ), were studied to Table   414 1 (e.g. TOC and dissolved Mn). In contrast, other studies have found a link between the 
